An industrial pre-reduced iron catalyst for ammonia synthesis was nitrided in a differential reactor equipped with the systems that made it possible to conduct both the thermogravimetric measurements and hydrogen concentration analyser in the reacting gas mixture. The nitriding process, particularly the catalytic ammonia decomposition reaction, was investigated under an atmosphere of ammonia-hydrogen mixtures, under the atmospheric pressure, , approximately stoichiometric composition of γ' -Fe 4 N phase exists and saturating of that phase by nitrogen started. The rate of the catalytic ammonia decomposition was calculated on the basis of grain volume distribution as a function of conversion degree for that catalyst. It was found that over γ' -Fe 4 N phase in the stationary states the rate of catalytic ammonia decomposition depends linearly on the logarithm of the nitriding potential. The rate was decreasing along with increase in the nitriding potential. For the intermediate area, the rate of ammonia decomposition is a sum of the rates of reactions which occur on the surfaces of both Fe(N) and γ' -Fe 4 N.
INTRODUCTION
In review papers, studies on ammonia decomposition kinetic over various catalysts have been shown 1, 2 . Ammonia decomposition is an important reaction in science and technology thanks to its involvement in lots of industrial applications e. g. removing of pollutants from exhaust gases 3 and ammonia-containing waste gases
4-8
, fuel -cells technology 1, 2, 9-16 , producing of controlled atmospheres for heat treatment in metallurgical industry 17 and biomass gasifi cation as well 18 . The catalytic ammonia decomposition has been studied extensively for the last couple of decades. Works elaborated before 1990s were mostly connected with the explorations of kinetics of the ammonia synthesis 19 . However, in last forty years the investigations were focused on studies of the nitriding process 20- 23 and NH 3 abatement 6, 24 . Studies of the ammonia decomposition are directly relevant to a better understanding of the mechanism of ammonia synthesis thus that reaction was studied under different conditions: thermal 42 . In previous works ammonia decomposition, as a parallel reaction to nitriding reaction in the iron catalyst nitriding process, was studied 43, 44 . It was found that during the process in question, ammonia diffuses from the gas phase to the surface of the catalyst. Then ammonia adsorbs on the surface of iron crystallites and then ammonia dissociation to atomic hydrogen and nitrogen occurs (the dissociative adsorption process). Atoms of hydrogen form particles which then desorb. Nitrogen atoms may combine to form particles which then desorb or react with iron to create solid solution of nitrogen in iron or iron nitrides.
The rate of the catalytic ammonia decomposition reaction over iron depends on many factors such as, for instance, composition and purity of the gas phase, a specifi c surface area and composition of catalyst on which reaction proceeds. The infl uence of water vapour in the gas phase 45 and sulfur adsorbed on solid surface 46, 47 on the rate of ammonia decomposition process was analyzed. The catalytic ammonia decomposition reaction proceeds with different rates depending on the solid phase present in the nitridnig process 48 . Ammonia decomposition kinetic studies are available in the literature and most of those descriptions are focused on low ammonia concentrations and/ or low temperature. Based on the published data on catalytic ammonia synthesis and decomposition the following conclusions can be drawn 1, 2, 49 : -at low ammonia partial pressures and low temperatures the rate of catalytic ammonia decomposition can be described by equation 
where k is reaction rate constant and K is adsorption constant.
In that case, the order of the reaction with respect to ammonia equals zero and at temperature higher than 500 o C the order of the reaction increases to unity. -at high hydrogen pressure and low temperatures the Temkin -Pyzhev law can be applied 51, 52 :
where k is reaction rate constant and P is nitriding potential.
The information in literature does not take into account changes of state of catalyst which occur during the process. In our previous work 53 , it was found that nitriding degree of iron catalyst (ratio of moles of nitrogen to moles of iron in sample) is a function of the nitriding potential (the gas phase composition infl uences on the nitriding degree of solid samples) and temperature as well
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. It was observed that three areas of various composition of catalyst exist in the range of nitriding potential from 2.910 It was concluded that the rate dependences for ammonia decomposition available in the literature do not refl ect our data. Thus new empirical logarithmic equation was proposed (Fig. 1) 53 . The rate of the ammonia decomposition reaction over the Fe(N) phase has been described by the expression 53 :
(3) When the values of the nitriding potential were increasing, the rate of catalytic ammonia decomposition on  -Fe(N) was increasing as well.
EXPERIMENTAL METHODS
The kinetic of the catalytic ammonia decomposition was investigated making use of a tubular differential reactor equipped with a gas phase composition analyser and a system that made it possible to conduct the thermogravimetric measurements. In the platinum basket hanging on a thermobalance arm approximately 1 g of the analysed material (an industrial pre-reduced iron catalyst for ammonia synthesis was studied; apart from metallic iron the catalyst contains promoter's oxides: 3.3% wt. Al 2 O 3 , 2.8% wt. CaO, 0.65% wt. K 2 O) was placed in a form of a single layer of grains with size in the range of 1.0-1.2 mm. The samples of the gas phase were collected from sampling points which were located in direct neighborhood of catalyst. Flow -rate of the gas reactants was regulated making use of electronic mass fl ow controllers. Detailed description of the experimental part is available in our previous paper 
RESULTS AND DISCUSSION
Catalytic ammonia decomposition over iron catalyst for ammonia synthesis was studied. Apart from metallic nanocrystalline iron the reduced sample contains promoter's oxides. The structural promoters prevent the iron nanocrystallites from sintering thus the material has an average size of iron nanocrystallites of 20 nm and the values of specifi c surface area is 12 m 2 g -1 . Nanocrystalline structure of the catalyst is stable in the temperatures lower than the reduction temperature, in that case it is 500 o C. It was found that during nitriding process carried out in 475 o C nitriding reaction started up at the minimum nitriding potential P 0 = 19 . 10 -3 Pa -0.5 . According to adsorption range model 55-57 , the dissociative adsorption of ammonia on the iron catalyst is a limiting step. Inside nanocrystallites there is no concentrations gradient of nitrogen. Phase transition of crystallites saturated by nitrogen is observed when critical bulk concentration of nitrogen is reached. The minimum nitriding potential necessary to initiate the phase transition depends on nanocrystallites' size. In smaller crystallites the critical concentration of a gaseous reactant is reached earlier than in greater ones. Therefore crystallites undergo the phase transition in the order of the smallest to the greatest. Nanocrystallites structure of Fe(N) underwent the transition from bcc lattice system to fcc. Nitride ' is obtained as a result of saturation of the fcc lattice system by nitrogen.
After the reduction process (hydrogen left in the reactor.) ammonia -hydrogen mixtures containing various quantities of ammonia were allowed to the reactor. Therefore, different compositions of catalyst were 
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In the range where two phases ( -Fe(N) and ' -Fe 4 N) exist simultaneously and in the region where ' is saturated by nitrogen the rate of the ammonia decomposition depends non -linearly on the logarithm of the nitriding potential.
The subject of the present considerations is the analysis of the kinetics of the catalytic ammonia decomposition reaction in the area where two phase exist ( -Fe(N) and ' -Fe 4 N nitride) because the kinetics of the ammonia decomposition reaction over that mixture have not been yet successfully described.
observed. Some exemplary results of those experiments are shown in Fig. 2 .
Initially, the gas mixing process occurred simultaneously with two parallel reactions -nitriding and catalytic ammonia decomposition. Consequently, changes of gas phase composition and nitriding degree occur. Concentration of hydrogen was decreasing until the constant value was reached. When a stable mass of the solid sample is observed (the nitriding reaction rate is zero) and only catalytic ammonia decomposition with constant rate occurs on a given nitrated phase, then the stationary state is achieved. In the stationary state, the equilibrium between gas phase and solid sample exists, but catalytic ammonia decomposition reaction is still running.
The rate of the catalytic ammonia decomposition changes along with the changes of the catalyst's composition. Therefore, the commonly known equation describing the rate of ammonia decomposition in 2 nd and 3 dr area has to be reinterpreted and divided into two separate equations, one for each of the areas. In 1 st area, where Fe(N) exists, the rate is described by Eq. To evaluate the surface fraction, the grain volume distribution as a function of conversion degree () for that catalyst has to be provided. This crystallites' distribution for the same sample has been elaborated (Fig. 3a) 58 . It was found that specific surface area determined by Thermal Desorption (single point BET method on PEAK -4 apparatus) has different values from the specifi c surface area determined by XRD (X -Ray Diffraction apparatus with copper lamp, X'Pert PRO). Thus to get the measured specifi c surface area of the catalyst equals 12 m 2 g -1 , the shape coeffi cient has to be assumed. On that basis and knowing the grain volume distribution as a function of conversion degree, the distribution of crystallites' surface area of studied catalyst was determined (Fig. 3b) .
The integral in Fig. 3b is represented as the area of the region bounded by its graph and has the same value as the measured specifi c surface area. There was assumption that the specifi c surface area is stable both before and after the nitriding process. Taking under consideration the above issues the surface fractions were determined:
When the values of the surface fraction of Fe(N) and ' -Fe 4 N phases were known, the rates of ammonia decomposition reaction were calculated making use of the Equations 3-7 and have been shown in Fig. 4 with black points. The calculated values of the rate of catalytic ammonia decomposition match the experimental data well, thus it can be assumed that our considerations are correct.
CONCLUSIONS
According to the results of kinetic analysis of catalytic ammonia decomposition, it was found that over ' -Fe 4 N phase in the stationary states the rate of catalytic ammonia decomposition depends on the logarithm of the nitriding potential. The rate was decreasing along with an increase in the nitriding potential. For the intermediate area, where two phases exist simultaneously, the rate of ammonia decomposition is a sum of the rates of reactions which occur on the surfaces of both Fe(N) and ' -Fe 4 N.
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